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BRIEF TECHNIQUE REPORTSSecure closure of the tracheal incision after natural orifice
transluminal endoscopic surgery with a silicone tracheal stentYun-Hen Liu, MD, Yi-Chen Wu, MD, Tzu-Ping Chen, MD, and Po-Jen Ko, MD, Tao-Yuan, TaiwanVideo clip is available online.Since its introduction in 2004, natural orifice translumi-
nal endoscopic surgery (NOTES) has attracted the inter-
est of many clinicians and researchers and demonstrated
technical feasibility and efficacy when used in various
types of intra-abdominal operations, including transgas-
tric liver biopsy, cholecystectomy, tubal ligation, and
peritoneoscopy.1,2
Although NOTES has some potential advantages, such as
being less invasive than the traditional method and causing
less postoperative wound pain, there are certain challenges,
including optimal access to the peritoneal and thoracic
cavities, infection prevention, wound closure, and complica-
tion management. Among the abovementioned challenges,FIGURE 1. A, Transtracheal approach. B, Thoracic cavity
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The Journal of Thoracic and Cawound closure is probably the most difficult to achieve.
Several endoscopic modalities, including endoclips, endosu-
tures, and plicators, have been used for wound closure. How-
ever, none of these techniques is superior to the others.1-3
The bronchoscopic procedure is currently the most com-
monly used modality for treating central airway disease;
this procedure has both diagnostic and therapeutic applica-
tions. Airway stenting has been used considerably in the
treatment of patients with severe airway obstruction and
has proved to be an efficient palliative treatment modality
for tracheoesophageal fistula in patients with esophageal
cancer. The aim of this study was to evaluate the feasibility
of transtracheal examination of the pleural cavity and the
effect of stenting for closing the tracheal incisions after
NOTES.CLINICAL SUMMARY
The Ethics Committee on Animal Research of the Chang-
Gung Memorial Hospital approved the study protocol. In
this preliminary study 2 canines (7 and 8 kg, respectively)
were used. After premedication (ketamine, 5 mg $ kg1;
xylazine HC, 10 mg $ kg1), induction anesthesia was
induced with isoflurane. Subsequently, the animals were
orotracheally intubated. General anesthesia was maintained
with isoflurane supplemented with intravenous infusion of
xylazine HCL (5 mg $ kg1).
First, a rigid bronchoscope was introduced into the lower
trachea, and tracheal incisions were made at the lateral as-
pect of the right lower trachea (3 cm above the carina)
with a homemade metallic knife. The tracheal incision was
subsequently dilated to 9 mm with a metallic tube. Theexploration (inferior vena cava, lung, and diaphragm).
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FIGURE 2. A, The tracheal wound was covered with a Dumon stent. B, Good healing of the tracheal wound 19 days after the operation.
Brief Technique Reportsthoracic cavity was explored through the tracheal opening
through the metallic tube (Figure 1, A). The lung, medias-
tinum, diaphragm, and pleura were explored with a flexible
bronchoscope (Figure 1, B). The tracheal incision was
covered with a Dumon stent (Novatech, Grasse, France)
after withdrawing the metallic tube from the pleural cavity
(Figure 2, A). The animals were then allowed to recover
from general anesthesia. The tracheal wound was evalu-
ated by using bronchoscopy 2 weeks after the operation
(Figure 2, B).
The operative times required for NOTES were 60 and 100
minutes, respectively. There were no major perioperative or
postoperative complications, and all animals were alive at
the end of the study period.
Both animals showed complete healing of the tracheal
wound 2 weeks after the operation. Necropsy revealed that
tracheal penetration had caused fibrosis in both dogs.DISCUSSION
Tracheal injury poses a challenge to both patients and
physicians. Major tracheal injury requires surgical interven-
tion. For the treatment of minor tracheal injury or in patients
who hesitate to undergo formal surgical reconstruction, con-
servative treatment is used, which is a relatively less invasive
alternative to the surgical methods.
Advances in stent development and applications have im-
proved the quality of life of patients with fistulas or rupture
of major airways. The study by Choudhary and colleagues4
reported the successful palliation of tracheomediastinal fis-
tulas after the placement of 3 different types of self-expand-
ing metallic stents. Kim and associates5 also reported the
feasibility of using a silicone-coated stent for the treatment
of severe laceration of the left main bronchus. These findings712 The Journal of Thoracic and Cardiovascular Surgsuggest that endobronchial stenting for the treatment of air-
way rupture is not only safe but also minimizes the risk of
further iatrogenic injury and can therefore be considered
an alternative to conventional surgical airway reconstruction
in patients with lesions that can be feasibly treated with stent
placement.
Regarding the management of complications after place-
ment of metallic stents to maintain airway patency, many au-
thors have reported that airway fistulas that develop after
metallic stent penetration can be successfully treated with
silicone stent placement. On the basis of these reports,
we recommend that only silicone stents should be used for
tracheal wound closure in NOTES.
The data indicate that transtracheal examination of the
thoracic cavity is a feasible and effective method in canine
models. In our opinion it is difficult to develop an ideal
entrance (tracheal wound) closure device. Nonetheless, the
silicone stent is a feasible modality for entrance closure in
NOTES because of the excellent treatment outcomes and
because it can be easily adjusted and removed after
treatment.
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